The program ''Nb_HetEx'' estimates the effective number of breeders (N b ) that produced the sampled progeny based on genotype counts contained in that sample. When the number of breeders is very small, there is an excess of heterozygotes in their progeny: the smaller the number of breeders, the larger the heterozygote excess. The Nb_ HetEx program also estimates N e through the temporal method.
Effective population size per generation (N e ) and effective number of breeders (N b ) are important quantities in population and conservation genetics, especially significant in monitoring endangered populations and species. However, they are difficult to estimate in natural populations, for which demographic characteristics often are not known. To date, 4 indirect methods have been suggested for estimating contemporary N e or N b from genetic data: the temporal (Waples 1989) , linkage disequilibrium (Waples and Do 2008) , allele rarefaction (Hedgecock et al. 2007) , and heterozygote-excess (Pudovkin et al. 1996) methods. All these methods have rather low precision, though they are nevertheless often the only means available for inferring N e or N b . As they have different advantages and disadvantages, it seems advisable to use them in conjunction and to integrate the estimates thereby obtained.
The heterozygote-excess method is based on the observation that when the number of breeders is very small, an excess of heterozygotes is expected in the progeny (Robertson 1965; Rasmussen 1979; Falconer 1989 ). This method has enough power and precision to detect a finite N b when the number of breeders is 30 or less, the progeny sampled numbers 200 or more, and the cumulative number of independent alleles exceeds 80. The method is applicable for situations in which progeny generation is produced by only a small number of parents (as might be the case in highly fecund marine species like mussels, oysters or some fish), or when trying to infer the parental numbers of a shoal of fish, or of a cohort of recruits in marine invertebrate settlements. Though the estimator is most applicable for the situation of random union of gametes (e.g., as might occur in some marine invertebrates or fish), it works for other mating systems (monogamous or polygamous pairings and polygyny) when the effective number of breeders is small (N b 20), which is shown by Luikart and Cornuet (1999) , Balloux (2004) , and Pudovkin et al. (in preparation) .
Program Description
The program Nb_HetEx estimates the effective number of breeders (N b ) that produced the sampled progeny based on genotype numbers contained in the processed sample:
where D is the heterozygote excess (d ij ) averaged over all the alleles and loci:
w j 5 sqrt(n j ) Â (k j À 1)/kj, n j is the number of individuals surveyed for the j-th locus, k j is the number of alleles at the j-th locus, d ij is the heterozygote excess for i-th allele at the j-th locus: d ij 5 (Hob ij À Hexp ij )/Hexp ij . Hob ij and Hexp ij are the observed and expected heterozygosites, respectively, for the i-th allele at the j-th locus. The loci are assumed to be unlinked. Considering heterozygosities at multiallelic loci for each allele i, we count the number of genotypes that contain 1 i allele and 1 non-i allele, thus transforming the data into di-allelic cases. Correspondingly, the expected heterozygosities for the i-th allele will be 2 Â p ij Â (1 À p ij ) Â 2n j /(2n j À 1), where p ij is the frequency of the i-th allele at the j-th locus in the sample. The rationale for the estimation method is given by Pudovkin et al. (1996) . Statistical properties of the estimator are considered in Luikart and Cornuet (1999) and in more detail in Pudovkin et al. (in preparation) . The Nb_HetEx program also estimates N e through the temporal method (the F-estimator module). We implemented ''Pollack estimator'' version of this method given by Waples (1989) . In this case, 2 temporal samples of genotypes and the number of generations between samples should be provided.
The program also generates a bootstrap estimate of the probability (P) of obtaining a sample equal to or more deviant in heterozygote excess from Hardy-Weinberg expectation as the original sample. A somewhat different procedure generates bootstrapped confidence intervals (CIs) for the observed D and N b (D) for P 5 60%, 75%, 90%, 95%, and 99%. Bootstrapping is done through resampling of individuals from the original sample into replicate samples. Individuals are drawn from the original sample with replacement, and each replicate sample has the same size as the original sample. After a replicate is formed, all the parameters are calculated (as for the original sample). Limits for 95% CIs are the 2.5% and 97.5% percentiles of the sorted set of replicate D and N b values. Other CIs (60%, 75%, etc.) are obtained similarly.
Though the bootstrap-generated CIs are not assessed in terms of coverage probability, the authors believed it useful to provide users with this option, which is so popular among scientists nowadays. If the parametric CIs do well agree with the bootstrap-generated ones, there would be more confidence in the estimates. A considerable disagreement will indicate that the results should be considered with more caution.
Input and Output
The data to be processed should be in a text file. They should conform either to GenePop (Raymond and Rousset 1995) format (a line with multilocus genotypes for each individual) or be grouped as genotype frequency summary. Examples for both formats are given in the Help file. Sample data that consist of genotype frequencies at 4 microsatellite loci in samples of adult and juvenile European flat oysters are taken from the study reported by Hedgecock et al. (2007) . It is possible to process samples from several populations in a single run of the program.
The output (result) file contains allele frequencies for the processed sample, expected and observed heterozygosities at each locus, and 50% and 95% asymptotic CIs. Averaged over all the loci estimates of N b (D) and CIs (for different P) are given, as well as the asymptotic standard error (SE) of D:
, where w i 5 sqrt(n j ) Â (k i À 1)/ k i . Bootstrap-generated CIs and median N b are given below the parametric estimates. As stated above, the bootstrapgenerated estimates are considered only as complementary to the parametric ones.
At the bottom of the file a summary of the results is given, which is especially convenient if several samples were processed at once.
The file generated by choosing the F-estimator module also contains allelic frequencies at the 2 temporal samples, expected and observed heterozygosities, locus-by-locus estimates of f j , N e (F), and 50% and 95% CIs. For the details of the temporal method (obtaining the values of f j , averaging of f j over the loci for obtaining F, etc.) consult the paper by Waples (1989) . 
Availability and Usage

